To review results of orbital angiography performed during intra-arterial chemotherapy (chemosurgery) for treatment of retinoblastoma to assess the association of angiographic variability in orbitovascular anatomy with tumor response and outcomes.
vious treatment (P =.003), and lacrimal blush (P=.004). The only statistically significant variable for vitreous seed response was ciliary body blush (P=.03). Statistically significant variables influencing time to recurrence and time to enucleation were choroidal blush absence (P=.01) and lacrimal artery presence (P =.03), respectively.
Conclusions:
The success of intra-arterial chemotherapy is dependent on delivery of drug to the target tumor within the eye via the ophthalmic artery. Because of the small volume of drug used (0.50-1.25 mL per treatment) and the selectivity of catheterization, variables affecting orbital blood flow greatly influence drug delivery and the success of chemosurgery.
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F
OUR YEARS AGO, OUR GROUP began treating retinoblastoma using a novel technique of infusing small doses (but locally very high concentrations) of chemotherapy via the ophthalmic artery (termed chemosurgery), and the results have been described previously.
1,2 Early on, a notable difference in salvaging these eyes was dependent on whether prior therapy had been given. Ninety percent of eyes for which chemosurgery was the initial treatment modality were salvaged. 3 In contrast, 50% to 66% of eyes that progressed after conventional multiagent systemic chemotherapy, focal treatments, and then radiatotherapy were salvaged. 4 However, with more experience using chemosurgery, it was noted that some patients had a better response than others and we wondered if the basic anatomy of the individual orbit might be relevant. The greatest flow from the ophthalmic artery was not to the eye in most patients but to the supratrochlear, dorsonasal, and mediopalpebral artery complex, and there was considerable variation in the normal anatomy of orbital vessels (as Hayreh 5 and Hayreh and Dass 6,7 previously emphasized). We suspected that this variability in orbitovascular anatomy affects the clinical response to chemosurgery. Therefore, we reviewed results of orbital angiography performed during chemosurgery for treatment of retinoblastoma. To date, pediatric orbital angiography in this patient population has not been described. We describe our evaluation of 64 initial pediatric orbital angiograms in 56 patients with retinoblastoma undergoing chemosurgery and examine the association of angiographic variability in orbitovascular anatomy with tumor response and outcomes. technique was offered as an alternative treatment in lieu of enucleation. Two of us (B.P.M. and C.H.) in a masked fashion graded 64 initial orbital angiograms from 56 patients. One of us (Y.P.G.) had performed all angiography and intra-arterial procedures in a standard manner. Prechemotherapy injection angiograms were compared with postchemotherapy injection angiograms to confirm that no variations occurred during injections and that the angiograms were consistent before and after drug delivery. The major orbital arteries were graded as present, absent, or prominent on angiograms (Figure, A). Observed were the supratrochlear, anteroethmoid, posteroethmoid, middle meningeal, supraorbital, muscular, lacrimal, posterociliary, and centroretinal arteries. Clinical photographs, drawings, and notes were evaluated for tumor response and vitreous seed response. Grading was based on the tumor volume or vitreous seed volume seen clinically at the beginning of chemosurgery and at the last follow-up examination. Low response corresponded to a 0% to 33% reduction in the initial clinical tumor volume or vitreous seed volume, medium as a 34% to 66% reduction, and high as at least a 67% reduction. Capillary filling patterns seen on angiograms were graded as present, absent, or prominent (Figure, B) . Patient data were reviewed, and angiographic findings were compared between groups of patients who had and had not had tumor response, vitreous seed response, tumor recurrence, and enucleation. The association of previous (non-intra-arterial) treatment and vessel and blush data with disease response (low vs medium or high) was examined using the Fisher exact test. The association of previous treatment and vessel and blush data with time to recurrence or time to enucleation was examined using the log-rank test. Table 1 . The mean follow-up time was 7.5 months (range, 1-37 months), which represents the interval used for grading of disease response. Outcome results of tumor response, vitreous seed response, tumor recurrence, and enucleation are listed in Table 2 . Forty eyes had undergone previous treatment, of which 31 eyes received intravenous chemotherapy, 7 eyes received external beam radiotherapy (6 eyes with both intravenous chemotherapy and external beam radiotherapy), and 7 eyes received only plaque (3 eyes) or focal laser or cryotherapy (4 eyes) treatments. Statistically significant variables for tumor response were lacrimal artery prominence (P=.001), previous treatment (P=.003) (in which eyes without prior treatment had a greater response rate), and lacrimal blush (P =.004). Eyes with lacrimal artery prominence and lacrimal blush showed better tumor response and vitreous seed response than eyes without these angiographic findings. The only statistically significant variable for vitreous seed response was ciliary body blush (P=.03) ( Table 3) . Statistically significant variables influencing time to recurrence and time to enucleation were choroidal blush absence (P=.01) and lacrimal artery presence (P =.03), respectively ( Table 4) .
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COMMENT
Experience with intra-arterial chemotherapy for the management of retinoblastoma has been described. 2 In this study, we examine the association of angiographic blood flow patterns with clinical response within the eye. Hayreh 5 and Hayreh and Dass 6,7 previously detailed the orbitovascular anatomy in 386 adult cadaver eyes, emphasizing that no 2 orbits were the same and that they differed on the 2 sides of the same cadaver. Therefore, a microcatheter in the ophthalmic artery may deliver different proportions of drug even if it seems that the microcatheter is in the "same place." For example, some eyes are supplied from a branch off the middle meningeal artery, which is a branch of the external and not internal carotid artery. In some eyes, the greatest flow from the ophthalmic artery is not to the eye at all but rather to the supratrochlear, dorsonasal, and mediopalpebral artery complex, which supplies the nose, eyelids, and inner forehead. However, anatomy does not predict blood flow, especially when a small catheter is placed into the ophthalmic artery because the catheter may alter the normal flow patterns.
The microcatheter is usually placed at the ostium of the ophthalmic artery for selective angiography and for chemosurgery. This microcatheter measures 0.45 mm in diameter, so its bare presence at the ostium of the ophthalmic artery may decrease blood flow through the ophthalmic artery, as well as distal perfusion pressure. This facilitates the compensatory redirection of collateral vascularization from the external carotid artery to orbital and ocular branches that will not be filled with the chemotherapy drugs. The ophthalmic artery provides the main arterial flow to the orbit from the internal carotid artery.
The middle meningeal artery communicates with the lacrimal artery through the supero-orbital fissure via the recurrent meningeal artery. 8, 9 A rare anatomical variant ex- ists in 4% to 6% of adult orbits, 5, 9 where the ophthalmic artery arises from the middle meningeal artery and not directly from the internal carotid artery. This was seen in one of our patients. Other anastomoses with the external carotid artery exist within the orbit through the superficial temporal artery and facial artery. The effect of these communications on ocular blood flow during ophthalmic artery infusion is largely unknown. The ef- 
